Since Kemp's discovery in 1978, otoacoustic emissions (OAEs) have provided valuable sci-entific and clinical tools for the study of the ear. For example, OAEs can provide objective measures of sensitivity and selectivity over the frequency range of 'active' hearing. Given the universality of OAEs across the kingdom Animalia, comparative studies can reveal how various morphological factors affect pe-ripheral auditory transduction and thereby what information is encoded for higher level cognition. Motivated by the complexity of cochlear mechanics and the many unknowns that currently exist, the present study de-scribes OAEs stemming from two non-mammalian groups whose auditory periphery is relatively simpler than that of mammals: several lizard genera (Heloderma, Tiliqua, Agama, and Tupinambis) that exhibit significant relative differences in tectorial membrane structure, and a highly vocal bird species (Melopsittacus undulatus). By utilizing recent improvements in OAE measurement and analysis strategies combined with quantitative anatomical measures (e.g., number of hair cells), these data shed new light upon emission gen-eration mechanisms and how such tie back to a given species' ability to encode ecologically relevant sounds. Furthermore, these data serve to inform theoretical models of auditory biophysics by clarifying what roles various morphological features do (or do not) play.
Many questions regarding the basic physiological and biomechanical processes at work in the ear remain outstanding. For example, it is still widely debated as to precisely how the putative cochlear amplifier works. Much study has focused on the mammalian cochlea, with an overarching goal of understanding how the human ear works (presumably so to ultimately be able to help improve the lives of those living with hearing impairment). However, many complicating features of the cochlea, such as the complex mechanics of the cochlear partition, remain poorly understood due to difficulties associated with experimental approaches (stemming from the cochlea's fragility). Non-mammals provide an valuable opportunity, as they share many functional features with mammals (e.g., low thresholds, sharp tuning), yet in many instances lack key aspects of cochlear mechanics that complicate its analysis (e.g., basilar membrane traveling waves, hair cell somatic motility).
Otoacoustic emissions (OAEs) have provided a valuable method to probe the function of the healthy ear, both scientifically and clinically. The main thrust of the present study is to systematically explore OAEs in a range non-mammalian species and relate knowledge gained from such back to known morphological and physiological considerations. Specifically, this paper discusses stimulus-frequency otoacoustic emission (SFOAE) data from a bird (budgerigar, Melopsittacus undulatus) as well as three lizard species (Heloderma suspectum, Agama agama, and Tupinambis teguixin). This latter group is unique in that these species exhibit a range of morphologies of the tectorial membrane (TM) (Wever, 1978) , a feature considered integral in the mechanics of the mammalian cochlea (Heloderma and Tupinambis have a continuous TM in a fashion similar to mammals, while Agama lack a TM altogether over the majority of their basilar membrane). Note that birds have a relatively large TM that couples to the surface of the basilar papilla (Tanaka and Smith, 1975) . Several previous relevant studies exploring hearing in budgerigars are noted here (Dooling et al., 1987; Manley et al., 1993) , as are previous studies examining OAEs in birds (Manley et al., 1987; Bergevin et al., 2008) .
METHODS
Methods are highly similar to those described for previous studies (Bergevin et al., 2008 (Bergevin et al., , 2010 and are noted briefly here. All experiments were are non-invasive, though they required the use of an anesthetic agent (e.g., sodium pentobarbital, isoflurane) to prevent movement. Animal were placed quietly in a sound-isolation booth atop a heating pad for 0.5-2 hours with an the probe coupled to their ear. The probe contains a microphone and set of earphones, allowing for both the stimulation and recording of the OAEs. All studies had been approved by the appropriate animal care committee. Estimates for uncertainty in N SFOAE shown in Fig.2 are similar to those described previously (Bergevin, 2011) . All studies reported here were approved by the appropriate institutional animal care committee.
RESULTS AND DISCUSSION
Preliminary data are shown in Figs.1 and 2. OAEs were confined to the most sensitive regions of the audiogram for budgerigar, and presumably similarly correlate to inferred hearing ranges for the lizards (e.g., sensitivity for Heloderma is likely decent for low frequencies, but poor above a few kHz). Regions of SFOAE for Tupinambis correlate strongly with the presence of spontaneous emissions, which have relatively narrow-band nature (van Dijk et al., 1998) . Based upon the similarity of SFOAE phase gradients for budgerigar shown in Fig.1 and those previously reported for domestic chicken (Bergevin et al., 2008) , the sharpness of peripheral tuning (e.g., Q ERB ) is likely to be similar between the two species. Similar to arguments raised previously (Bergevin et al., 2010) , the lizard data shown in Fig.2 indicate that the presence of the TM can serve to sharpen peripheral tuning, although such a relation may not hold at higher FIGURE 2: Comparison of SFOAE phase-gradient delays (expressed in # of stimulus cycles, N SFOAE ) across three lizard species for a probe level of L p = 20 dB SPL. Shaded regions indicate associated 95% confidence intervals. For clarity, trends and confidence intervals are not shown near the lower and upper limits. frequencies (above 3 kHz when comparing Tupinambis and Agama). Taken together, these data help inform our knowledge about the biomechanics at work in the inner ear underlying auditory
